UNIVERSITI PUTRA MALAYSIA
[BERILMU BERBAKTI]

8
.,[!]I]I]’II

1l

IMPROVEMENT OF PAK CHOI (Brassicca Rapa Var. Chinensis) GROWTH
IN ACIDIC SOIL USING FERMENTED LIQUID ORGANIC FERTILIZER
PRODUCED FROM UNMARKETABLE VEGETABLES

By

SANJEEV A/L M.P. RAMARAO

Thesis Submitted to the School of Graduate Studies, Universiti Putra
Malaysia in Fulfilment of the Requirements of the Degree of Master
of Science

June 2023
FP 2023 20



All material contained within the thesis, including without limitation text, logos,
icons, photographs and all other artwork, is copyright material of Universiti Putra
Malaysia unless otherwise stated. Use may be made of any material contained
within the thesis for non-commercial purposes from the copyright holder.

Commercial use of material may only be made with the express, prior, written
permission of Universiti Putra Malaysia.

Copyright © Universiti Putra Malaysia



DEDICATION

| dedicate this thesis to the unwavering support and encouragement of my family.
Your love and belief in me have been the driving force behind this joumey. To
my parents, whose sacrifices and guidance have shaped my path, and to my
siblings, who have cheered me on every step of the way—thank you for being
my pillars of strength.

To my friends and mentors, your wisdom and camaraderie have enriched my
academic experience. Your insightful conversations and shared moments have
made this journey more meaningful.

| also express my gratitude to the faculty and advisors who have generously
shared their knowledge and expertise. Your guidance has been invaluable, and
| am truly grateful for the opportunities to learn and grow under your mentorship.

Lastly, to all the participants and individuals who contributed to this research,
your willingness to share your insights has been instrumental in the success of
this work. Your contributions are greatly appreciated.

This thesis is dedicated to each person who has played a role in shaping my
academic and personal development. Thank you for being a part of this journey.

Sanjeev MP Ramarao



Abstract of thesis presented to the Senate of Universiti Putra Malaysia in
fulfilment of the requirement for the degree of Master of Science

IMPROVEMENT OF PAK CHOI (Brassicca Rapa Var. Chinensis) GROWTH
IN ACIDIC SOIL USING FERMENTED LIQUID ORGANIC FERTILIZER
PRODUCED FROM UNMARKETABLE VEGETABLES

By

SANJEEV A/L M.P. RAMARAO

Chair : Elisa Azura binti Azman, PhD
Faculty : Agriculture

The Malaysian government is facing significant challenges related to managing
food waste, a concern that contributes to greenhouse gas emissions in landfills.
This waste, however, contains valuable nutrients that, when harnessed through
fermentation, can yield liquid organic fertilizer (LOF). This fertilizer has the
potential to enhance soil quality by addressing issues such as low cation
exchange capacity, pH imbalances, and insufficient mineral nutrient content,
directly impacting crop productivity. This research encompasses two primary
experiments: the first involves characterizing the LOF derived from food waste
collected from nearby wet markets, particularly unmarketable vegetables and
fruits, which undergoes wet anaerobic fermentation in a 1:2 ratio with water. The
second experiment aims to explore the impact of LOF on the growth and yield of
pak choi vegetables. For experiment 1, the food waste derived from
unmarketable vegetables and fruits was identified, collected from the nearest wet
market, and fermented under wet anaerobic with a ratio of 1:2 (food waste:
water). The food waste was fermented separately under three inducers: T2-
yeast: T3- brown sugar, and T4- shrimp paste to boost the fermentation process
and without inducer acting as a T1-control. Liquid organic fertilizers were
sampled at 30 (30D), 45 (45D), and 60 (60D) days of fermentation and analyzed
for nutrient content. These experiments were laid in a randomized complete
block design (RCBD) and replicated three times. Results of the LOF derived from
unmarketable vegetables through fermentation for 60 days using yeast as an
inducer showed the highest nitrogen (0.95%), phosphorus (0.31%), and
potassium (1.68%). Therefore, the LOF using yeast as an inducer was further
for experiment 2. It consisted of seven treatments; T1- NPK (15-15-15) fertilizer;
T2- 100% of LOF (30D); T3- 100% of LOF (45D); T4- 100% of LOF (60D); T5-
50% of LOF (30D) + 50% NPK; T6-50% of LOF (45D) + 50% NPK; and T7- 50%
of LOF (60D) + 50% NPK. The experiment was arranged using Completely
Randomized Design (CRD) with 5 replications. The findings from the second
experiment revealed that soil treated with 50% LOF of 60D+ 50% NPK (T7)
application was shown to give positive results in soil pH, cation exchange
capacity (CEC), organic matter (OM), and soil catalase activity measured at the



harvest stage which increased by 18.27%, 30.15%, 44.55%, and 5.26%,
respectively compared to the before-harvest stage soil. Meanwhile, T7 also
increases plant height, fresh weight, total chlorophyll, and total flavonoid content
at 5.88%, 6.12%, 1.12%, and 0.25%, respectively. Besides, leaf area and dry
weight were 46.36 cm2 and 0.88 g, respectively, which do not significantly
different from standard fertilizer, Treatment 1. It can be concluded that the
integration of organic and chemical nutrient inputs showed better results in
providing a more balanced supply of nutrients.
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CECAIR FERMENTASI YANG DIHASILKAN DARI SAYUR-SAYURAN DAN
BUAH-BUAHAN TIDAK DAPAT DIPASARKAN
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Kerajaan Malaysia menghadapi cabaran besar berkaitan pengurusan sisa
makanan, satu kebimbangan yang menyumbang kepada pelepasan gas rumah
hijau di tapak pembuangan sampah. Namun, sisa ini mengandungi nutrien
bernilai yang apabila dimanfaatkan melalui proses fermentasi, boleh
menghasilkan baja organik cecair (BOC). Baja ini berpotensi untuk
meningkatkan kualiti tanah dengan menangani isu seperti kapasiti pertukaran
kation yang rendah, ketidakseimbangan pH, dan kandungan nutrien mineral
yang tidak mencukupi, dengan kesan langsung terhadap produktiviti tanaman.
Penyelidikan ini melibatkan dua eksperimen utama: yang pertama melibatkan
pencirian BOC yang berasal daripada sisa makanan yang dikutip dari pasar
basah berdekatan, terutamanya sayur-sayuran dan buah-buahan tidak laku,
yang mengalami proses fermentasi anaerobik basah dalam nisbah 1:2 dengan
air. Eksperimen kedua bertujuan untuk menyelidik impak BOC terhadap
pertumbuhan dan hasil sayur-sayuran pak choi. Sisa sayur-sayuran dan buah-
buahan diambil dari pasar basah terdekat dan diperamin dalam tong mengikut
nisbah 1:2 (10 kg sisa makanan: 20 L air). Tiga jenis penggalak berbeza iaitu
ragi, gula merah dan belacan turut dicampurkan secara berasingan tong
peraman bagi meningkatkan proses fermentasi. Sisa makanan tanpa pemangkin
adalah rawatan kontrol. Rawatan kawalan bagi kajian ini adalah sisa makanan
tanpa penggalak. Hasil BOC diambil pada 30, 45, dan 60 hari digunakan untuk
analisis. Keputusan kajian menunjukkan BOC yang diperolehi daripada sisa
makanan melalui fermentasi selama 60 hari menggunakan ragi mempunyai
kandungan nitrogen tertinggi (0,95%), fosforus (0,31%), dan kalium (1.68%).
Selain itu, rawatan ini menujukkan nilai pH dan EC yang optimum untuk
pertumbuhan tumbuhan. Eksperimen kedua mengandungi tujuh rawatan iaitu;
T1- baja NPK (15-15-15); T2- 100% BOC (30H); T3- 100% BOC (45H); T4-
100% of BOC (60H); T5- 50% of BOC (30H) + 50% NPK; T6-50% of BOC (45H)
+ 50% NPK; and T7-50% of BOC (60H) + 50% NPK. Kajian eksperimen kedua
menunjukkan bahawa pak choi yang dirawat dengan, 50% BOC 60 hari
fermentasi dan 50% NPK menunjukkan prestasi yang lebih baik terhadap hasil



pH tanah, kapasiti pertukaran kation (CEC), bahan organik (OM), dan aktiviti
katalas meningkat dengan 18.27%, 30.15%, 44.55% dan 5.26%. Sementara itu,
T7 juga meningkatkan ketinggian tumbuhan, berat segar, jumlah klorofil, dan
kandungan flavonoid total, 5.88%, 6.12%, 1.12%, and 0.25%. Di samping itu,
keluasan daun dan berat kering adalah 46.36 cm2 dan 0.88 g, yang tidak
berbeza secara signifikan daripada baja NPK standard, Rawatan 1.
Kesimpulannya, campuran antara BOC dan baja kimia dapat memberikan hasil
yang baik dan kandunagan nutrien yang lebih seimbang.
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CHAPTER1

INTRODUCTION

1.1  General Introduction

Malaysia brought in RM55.5 billion worth of food imports in 2020 compared to
the RM33.8 billion value of exports. The principal partners for Malaysia's
vegetable imports in 2019 are Indonesia, China, the United States, Argentina,
and Thailand (Razak, 2021). The National Agrofood Policy, (NAP) of Malaysia
aims to ensure an adequate supply of nutritious food for the country. In order to
achieve the objectives, urban agriculture is considered a solution to address the
household livelihood strategies of urban households. Several govemment
agencies, including the department of agriculture (DOA) and Universiti Putra
Malaysia (UPM), have encouraged urban inhabitants to engage in urban
agricultural activities (Rezai et al., 2016).

Due to the currency crisis and over-dependence on low-cost food imports,
Malaysia has been forced to consider an alternative to cultivating fruits and
vegetables through intense agricultural operations to promote self-sufficiency. In
that case, through farmers' associations, the government offers smallholder
farmers subsidies to help with the cost of fertilizers (FAO, 2019). Urban
agriculture, followed by self-sufficiency, which achieved the food demands of the
rising population, caused an increase in crop production but, at the same time,
increased the use of chemical fertilizers in agriculture. Poor soil fertility is one of
the most serious problems in improving agricultural production. However, the
widespread use of inorganic fertilizers in agriculture to ensure global food
security has led to many health issues and irreversible environmental
degradation (Kumar et al.,2019).

Inorganic fertilizers are synthetic or mineral-based chemical products that supply
nutrients to promote plant development. A plant can only use so much during its
growth cycle; any excess tends to pollute the environment and cause problems.
The exact amount of a specific element can be measured before feeding plants
using inorganic fertilizer, although commercial fertilizer, especially nitrogen, can
easily leach out by rain or irrigation (Ibrahim et al., 2014). The tendency of soil
nutrients, a problem that plagues farms frequently, is something that inorganic
fertilizers are made to combat. One of its distinct advantages is that inorganic
fertilizer contains all three essential nutrients: nitrogen (N), phosphorus (P), and
potassium (K).

In contrast to organic fertilizer, which only has a slow-release capacity, this sort
of fertilizer can feed plants with nutrients immediately when needed. Organic
fertilizers take longer to work and cannot be used more than a farm requires.



They can also be utilized in concentrated doses and are less expensive than
commercial organic fertilizers (Ibrahim et al., 2014).

Alternative methods of providing nutrients to crops, such as using organic
fertilizers and biofertilizers, should be encouraged to counteract the detrimental
impacts of the intensive use of chemical fertilizers. Animal manure and litter,
agricultural by-products, fresh or dried plant material, and other plant-derived
substances are all included in organic fertilizers (Kumar et al., 2005). The
number of nutrients in organic fertilizers varies widely depending on the materials
used as their sources, and materials that can break down quickly are the best
options. Compared to chemical fertilizers, organic fertilizers often include less N
and P. The relevance of an organic fertilizer's carbon content can be equal to or
even more than its N and P amounts. Organic fertilizer applications also enhance
secondary and primary productivity by mineralizing nutrients and encouraging
increases in heterotrophic bacterial biomass (Barkoh et al., 2005).

Liquid organic fertilizers can benefit from more efficient N use when applied
through a drip irrigation system; such an application is called fertigation. Any
nutrient in a water-soluble form is immediately available for plant absorption,
resulting in the more effective use of fertilizers (Miles et al., 2019). Farmers can
minimize nutrient loss from the root zone by applying nutrients just before they
are needed. These liquid fertilisers can be applied often depending on the crop's
nutritional requirements. Some liquid fertilizer components from soybean or fish
are used extensively in growing organic vegetables.

Food waste can be categorized as unconsumed food substances that are
disposed of or recycled. It is generated from households, markets, hawker
centres, supermarkets, and food courts (Bratovcic et al., 2018). Food wastage
can be calculated by more than 1.3 billion tonnes of food each year. Food waste
or food loss is wasted, lost or uneaten food. Food waste or loss causes are
numerous and occur at the producing, processing, retailing, and consuming
stages.

In Malaysia, handling and treating food waste presents significant issues for the
government. Food waste contributes to the current environmental problem since
it is improperly segregated from municipal solid trash and creates greenhouse
gases in landfills. Food waste may release greenhouse gases that have an
adverse effect on climate change (Thi et al., 2015). Campaigns like the 3R
(Reduce, Reuse, and Recycle) have been launched to raise public awareness
through education and incentive-based policies. Effective food waste reduction
is made possible by proper food waste management.

Food wastes can be recycled into organic fertilizer to limit the amount of food
waste in landfills and the emission of greenhouse gases into the environment.
Microorganisms can break down food waste into smaller materials during



anaerobic digestion to create usable goods. For the information, the disposed
food wastes have high nutrient content that may be used as a fermentation
substrate to produce other value-added products such as new planting crops
(Bratovcic et al., 2018).

1.2 Justification

In recent years, there has been a growing interest in the scientific community
regarding the substantial portion of organic material represented by food waste.
Malaysia is well known among foreign tourists for its vast assortment of
traditional and modemn cuisine and its rich cultural history. While these popular
attractions have the potential to boost the country's economy, the governing
body has encountered formidable difficulties for many years regarding the
management and disposal of food waste (Hashim et al., 2021). This also can be
related to the population growth and urbanization occurring within Malaysia,
which have led to elevated living standards and increased waste (Noor et al.,
2013).

Waste from fruits and vegetables (FVW) is produced during various stages,
including transportation, harvesting, food industry processing, storage, and
marketing. Significant quantities of FVW can typically be found in the
marketplace (Seswoya et al., 2019). For decades, landfills have been the primary
means of disposing of municipal solid waste. The high volatility of solids and
water content in FVW poses significant environmental challenges due to their
strong biodegradable nature, releasing foul odours and substantial leachate in
landfills in the marketplace (Lin et al., 2011).

However, FVW consists of high moisture content, readily biodegradable with
high nutrient contents that serve as the perfect substrate for fermentation. The
valuable nutrients in FVW can be used to achieve impressive fermentation
performance, producing organic liquid fertilizer. In Malaysia, the daily production
rate of municipal solid waste ranges between 0.8 kg to 0.9 kg per household in
highly populated cities, and 60 % of it consists of food waste. The FVW collection
system from households and restaurants in Malaysia is poor, far from other
countries' collection systems. For example, in Hong Kong, food waste will be
separated in the household in dark plastic bags, which can easily be
differentiated from the other waste packed in white plastic bags (Chua et al.,
2019).

These problems occur in Malaysia due to a lack of food waste awareness.
Besides, most people in Malaysia do not understand the nutrient content in food
waste and its use of it. Therefore, this study is significant to justify the potential
of producing liquid organic fertilizer from food waste as a source of nutrients for
pak choy growth.



1.3 Objectives

This study was conducted with the following objectives:

1. To characterize the liquid organic fertilizer under different inducer and
days of fermentation.

2. To determine the effects of liquid organic fertilizer on the growth, yield
and nutrient content of pak choi.

3. To investigate the effects of liquid organic fertilizer on the soil.



REFERENCES

Abd Ghafar, S. W. (2017). Food waste in Malaysia: trends, current practices and
key challenges. Centre of Promotion Technology, MARDI, Persiaran
MARDI-UPM.

Abdullah, N., & Chin, N. L. (2010). Simplex-centroid mixture formulation for
optimised composting of kitchen waste. Bioresource technology, 101(21),
8205-8210.

Acero, L. H. (2013). Growth response of Brassica Rapa on the different
wavelength of light. International Journal of Chemical Engineering and
Applications, 4(6), 415—418.

Acikgoz, F. E. (2016). Seasonal variations on quality parameters of Pak Choi
(Brassica rapa L. subsp. chinensis L.). Advances in Crop Science and
Technology, 4(4).

Adediran, J. A., & Banjoko, V. A. (1995). Response of maize to nitrogen,
phosphorus, and potassium fertilizers in the savanna zones of Nigeria.
Communications in Soil Science and Plant Analysis, 26(3-4), 593-606.

Agamuthu, P., Khidzir, K. M., & Hamid, F. S. (2009). Drivers of sustainable waste
management in Asia. Waste Management & Research, 27(7), 625-633.

Aisyah, S., Sunarlim, N., & Solfan, B. (2011). Pengaruh urine sapi terfermentasi
dengan dosis dan interval pemberian yang berbeda terhadap pertumbuhan
sawi (Brassica juncea L.) (The effect anaerobic fermented cow’s urine with
different doses and time of application on pak choi growth (Brassica juncea
L.)). Jurnal Agroteknologi, 2(1), 1-5.

Akamine, H., Hossain, M. A., Ishimine, Y., Yogi, K., Hokama, K., Iraha, Y., &
Aniya, Y. (2015). Effects of Application of N, P And K alone or in
combination on growth, yield and curcumin content of turmeric (Curcuma
longa L.). Plant production science, 10(1), 151-154.

Alam, S. I, Hammoda, H., Khan, F., Al Enazi, R. Al, & Goktepe, I. (2020).
Electrical Conductivity, pH, Organic Matter and Texture of Selected Soils
Around the Qatar University Campus. Research in Agriculture Livestock
and Fisheries, 7(3), 403—409.

Amujoyegbe, B. J., Opabode, J. T., & Olayinka, A. (2007). Effect of organic and
inorganic fertilizer on yield and chlorophyll content of maize (Zea mays L.)
and sorghum Sorghum bicolour (L.) Moench. African Journal of
Biotechnology, 6(16), 1869-1873.

Anggara, H. (2020, October 20). As CMCO returns, so does food waste |
Malaysia | Malay Mail. Malay Mail.

80



Andriani, V. (2020). Aplikasi pupuk organik cair Gracilaria gigas, cangkang telur
dan kulit pisang terhadap pertumbuhan dan produksi sawi caisim (Brassica
juncea L.). Teknosains: Media Informasi Sains dan Teknologi, 14(2), 219-
225.

Anjana, S. U., & Igbal, M. (2007). Nitrate accumulation in plants, factors affecting
the process, and human health implications. A review. Agronomy for
Sustainable Development, 27(1), 45-57.

Aremu, A. O., Stirk, W. A., Kulkarni, M. G., Tarkowska, D., Tureckova, V., Gruz,
J., ... & Van Staden, J. (2015). Evidence of phytohormones and phenolic
acids variability in garden-waste-derived vermicompost leachate, a well-
known plant growth stimulant. Plant growth regulation, 75, 483-492.

Armstrong, W. M. (1961). Distribution of potassium in baker's yeast. Nature,
192(4797), 65—66.

Arnold, S. L., Doran, J. W., Schepers, J., Wienhold, B., Ginting, D., Amos, B., &
Gomes, S. (2005). Portable probes to measure electrical conductivity and
soil quality in the field. Communications in soil science and plant analysis,
36(15-16), 2271-2287.

Arnon, D. . (1949). Copper enzymes in isolated chloroplasts. Polyphenoloxidase
in Beta Vulgaris. Plant physiology, 24(1), 1.

Assefa, S., & Tadesse, S. (2019). The principal role of organic fertilizer on soil
properties and agricultural productivity -a Review. Agri Res and Tech: Open
Access J, 22(2), 556192.

Awad, M. A., & De Jager, A. (2002). Relationships between fruit nutrients and
concentrations of flavonoids and chlorogenic acid in ‘Elstar’ apple skin.
Scientia Horticulturae, 92(3-4), 265-276.

Ayuningtias, L. (2014). Pengaruh aerasi dan penambahan silika dengan
pemeraman yang berbeda terhadap kandungan N, P Dan K pupuk cair unit
gas bio (The effect of aeration as well as silicon additive after differing
maturation time on the levels of nitrogen, phosphorous and potasium in the
liquid manure from biogas production) [Unpublished Doctoral dissertation].
Universitas Brawijaya.

Balemi, T., & Negisho, K. (2012). Management of soil phosphorus and plant
adaptation mechanisms to phosphorus stress for sustainable crop
production: a review. Journal of soil science and plant nutrition, 12(3), 547—
562.

Barakat, M. R., Yehia, T. A., & Sayed, B. M. (2012). Response of newhall naval
orange to bioorganic fertilization under newly reclaimed area conditions I
Vegetative Growth and Nutritional Status. Journal of Horticultural Science
& Ornamental Plants, 4(1), 18-25.

81



Barkoh, A., Hamby, S., Kurten, G., & Schlechte, J. W. (2005). Effects of rice
bran, cottonseed meal, and alfalfa meal on pH and zooplankton. North
American Journal of Aquaculture, 67(3), 237-243.

Bauerfeind, P., Garner, R., Dunn, B. E., & Mobley, H. L. T. (1997). Synthesis and
activity of Helicobacter pylori urease and catalase at low pH. Gut, 40(1), 25—
30.

Bernal, M. P., Sommer, S. G., Chadwick, D., Qing, C., Guoxue, L., & Michel Jr,
F. C. (2017). Current approaches and future trends in compost quality
criteria for agronomic, environmental, and human health benefits. Advances
in agronomy, 144, 143-233.

Bokhtiar, S. M., & Sakurai, K. (2005). Effects of organic manure and chemical
fertilizer on soil fertility and productivity of plant and ratoon crops of
sugarcane. Archives of Agronomy and Soil Science, 51(3), 325-334.

Bongue-Bartelsman, M. (1995). Nitrogen stress regulates gene expression of
enzymes in the flavonoid biosynthetic pathway of tomato. Plants Physiol.
Biochem., 33(5), 539-546.

Boscaiu, M., Sanchez, M., Bautista, I., Donat, P., Lidén, A., Llinares, J., ... &
Vicente, O. (2010). Phenolic Compounds as Stress Markers in Plants from
Gypsum Habitats . Bulletin of the University of Agricultural Sciences &
Veterinary Medicine Cluj-Napoca. Horticulture, 67(1).

Bratovcic, A., Zohorovic, M., Odobasic, A., & Sestan, I. (2018). Efficiency of food
waste as an organic fertilizer. International Journal of Engineering Sciences
& Research Technology, 7(6), 527-530.

Brouder, S. M., Bongen, A. S., Eck, K. J., & Hawkins, S. E. (2003). Manganese
Deficiencies In Indiana Soils.

Brown Sugar | MSM Malaysia Holdings Berhad. (2017). Retrieved from
https://www.msmsugar.com/msm-prai/products/brown-sugar

Brust, G. E. (2019). Management strategies for organic vegetable fertility. Safety
and practice for organic food. (pp. 193-212). Academic Press.

Bunyan, J. (2022, May 7). As fertiliser prices go up, farmers seek cash subsidy
to offset costs. Malay Mail.

Campbell, W. R., & Hanna, M. I. (1937). The determination of nitrogen by
modified Kjeldhal methods. Journal of Biological Chemistry, 119(1), 1-7.
https://doi.org/10.1016/s0021-9258(18)74426-8

Carmo, D. L. D., Lima, L. B. D., & Silva, C. A. (2016). Soil fertility and electrical
conductivity affected by organic waste rates and nutrient inputs davi lopes.
Revista Brasileira de Ciencia Do Solo, 40.
https://doi.org/10.1590/18069657rbcs20150152

82



Carter, M. R., & Gregorich, E. G. (Eds.). (2007). Soil sampling and methods of
analysis. CRC press.

Cavalheiro, T. R. T., Alcoforado, R. D. O,, Silva, V. S. D. A., Coimbra, P. P. S,,
Mendes, N. D. S., Cavalcanti, E. D., ... Gongalves, E. C. B. D. A. (2021).
The impact of organic fertilizer produced with vegetable residues in lettuce
(Lactuca sativa |.) cultivation and antioxidant activity. Sustainability, 13(1),
1-11. https://doi.org/10.3390/su13010128

Chaali, M., Ortiz, H. A. R., Cano, B. D., Brar, S. K., Ramirez, A. A., Arriaga, S.,
& Heitz, M. (2021). Immobilization of nitrifying bacteria on composite based
on polymers and eggshells for nitrate production. Journal of Bioscience and
Bioengineering, 131(6), 663-670.

Chapman, H. D. (1965). Cation-exchange capacity. Methods of soil analysis:
Part 2 Chemical and microbiological properties, 9, 891-901

Chen, J. H. (2006, October). The combined use of chemical, organic fertilizers
and/or biofertilizer for crop growth and soil fertility. In International workshop
on sustained management of the soil-rhizosphere system for efficient crop
production and fertilizer use (Vol. 16, No. 20, pp. 1-11). Land Development
Department Bangkok Thailand. https://doi.org/10.30058/se.200706.0001

Chowdhury, A. H. M. R. H., A. H. M., Rahman, G. M. M., Saha, B. K., &
Chowdhury, M. A. H. (2008). Addition of some tree leaf litters in forest soll
and their effect on the growth, yield and nutrient uptake by red amaranth. J.
Agroforestry and Environment, 2(1), 1-6.

Chowdhury, S., Bolan, N., Farrell, M., Sarkar, B., Sarker, J. R., Kirkham, M. B.,
... Kim, G. H. (2021). Role of cultural and nutrient management practices in
carbon sequestration in agricultural soil. Advances in Agronomy, 166, 131—
196. https://doi.org/10.1016/bs.agron.2020.10.001

Chua, G. K., Tan, F. H. Y., Chew, F. N., & Mohd-Hairul, A. R. (2019, July).
Nutrients content of food wastes from different sources and its pre-
treatment. In AIP Conference Proceedings (Vol. 2124, No. 1). AIP
Publishing. https://doi.org/10.1063/1.5117091

Delfiya, M., & Ariska, N. (2022). Pengaruh Kombinasi Media Tanam terhadap
Pertumbuhan dan Hasil Tanaman Sawi (Brassica Juncea L.). COMSERVA,
1(9), 614-622.

Densilin, D. M., Srinivasan, S., Manju, P., & Sudha, S. (2011). Effect of individual
and combined application of biofertilizers, inorganic fertilizer and
vermicompost on the biochemical constituents of chilli (Ns - 1701). J Biofertil
Biopestici, 2(106), 2. https://doi.org/10.4172/2155-6202.1000106

Diacono, M., & Montemurro, F. (2015). Effectiveness of organic wastes as
fertilizers and amendments in salt-affected soils. Agriculture, 5(2), 221-230.
https://doi.org/10.3390/agriculture5020221

83



Dong, W., Zhang, X., Wang, H., Dai, X., Sun, X., Qiu, W., & Yang, F. (2012).
Effect of different fertilizer application on the soil fertility of paddy soils in red
soil region of Southern China. PL0S ONE, 7(9).
https://doi.org/10.1371/journal.pone.0044504

Du, Z., Wang, Y., Huang, J., Lu, N., Liu, X,, Lou, Y., & Zhang, Q. (2014).
Consecutive biochar application alters soil enzyme activities in the winter
wheat-growing season. Soil Science, 179(2), 75-83.
https://doi.org/10.1097/ss.0000000000000050

Duarte, C., Guerra, M., Daniel, P., Camelo, A. L., & Yommi, A. (2009). Quality
changes of highbush blueberries fruit stored in CA with different CO2 levels.
Journal of Food Science, 74(4), S154-S159.

Dumas, Y., Dadomo, M., Di Lucca, G., & Grolier, P. (2003). Effects of
environmental factors and agricultural techniques on antioxidantcontent of
tomatoes. Journal of the Science of Food and Agriculture, 83(5), 369-382.
https://doi.org/10.1002/jsfa.1370

Dutta, S., Pal, R., Chakeraborty, A., & Chakrabarti, K. (2003). Influence of
integrated plant nutrient phosphorus and sugarcane and sugar yields. Field
Crop Research, 77. 43-49.

Fageria, N. K., Baligar, V. C., & Jones, C. A. (2010). Growth and mineral nutrition
of field crops (3rd ed.). CRC press.

FAO, I. (2019). The state of food and agriculture 2019. Moving forward on food
loss and waste reduction. FAO, Rome, 2-13.

Fauziah, S., D. Kameswari, D.A.S Asih. 2022. Pengaruh Pupuk Organik Cair
Rebung Bambu terhadap Pertumbuhan Tanaman Sawi (Brassica juncea L.)
secara Hidroponik. EduBiologia: Biological Science and Education Journal.
2(1): 26-34.

Ginandjar, S., Frasetya, B., Nugraha, W., & Subandi, M. (2019). "The effect of
liquid organic fertilizer of vegetable waste and planting media on growth and
yield of strawberry (Fragaria spp.) Earlibrite cultivar." In IOP Conference
Series: Earth and Environmental Science (Vol.334. No. 1, p. 012033). IOP
Publishing.

Goos, R. J., & Johnson, B. E. (2000). A comparison of three methods for
reducing iron-deficiency chlorosis in soybean. Agronomy Journal, 92(6),
1135-1139. https://doi.org/10.2134/agronj2000.9261135x

Gosling, P., & Shepherd, M. (2005). Long-term changes in soil fertility in organic
arable farming systems in England, with particular reference to phosphorus
and potassium. Agriculture, Ecosystems & Environment, 105(1-2), 425—
432. https://doi.org/10.1016/j.agee.2004.03.007

84



Green, B. W. (2015). Fertilizers in aquaculture. Feed and Feeding Practices in
Aquaculture, Vol. Woodhead Publishing Series, Food Science, Technology
and Nutrition, pp. 27-52. https://doi.org/10.1016/b978-0-08-100506-
4.00002-7

Guntara, R., Isnaeni, S., & Rosmala, A. (2021, March). Growth and yield of
pagoda (Brassica narinosa L) with concentration and watering interval of
fermented rabbit urine on hydroponic system. In IOP Conference Series:
Earth and Environmental Science (Vol. 672, No. 1, p. 012100). IOP
Publishing.

Gupta, A. R. T. |, & Hussain, N. I. S. R. E. E. N. (2014). A critical study on the
use, application and effectiveness of organic and inorganic fertilizers.
Journal of Industrial Pollution Control, 30(2), 191-194.

Hall, K. D., Guo, J., Dore, M., & Chow, C. C. (2009). The progressive increase
of food waste in America and its environmental impact. PLoS ONE, 4(11).
https://doi.org/10.1371/journal.pone.0007940

Hamalova, M., Hodslavska, J., Jano$, P., & Kanicky, V. (1997). Determination of
phosphorus, potassium, and magnesium in fertilizers by inductively coupled
plasma—atomic emission spectroscopy and comparison with other
techniques. Joumal of AOAC International, 80(6), 1151-1155.
https://doi.org/10.1093/jacac/80.6.1151

Hanafiah, N. H. M., Samsuri, S., Yusup, S., & Amran, N. A. (2019). Effects of
Nutrients on the Growth of Pak-Choi (Brassica chinensis L.) Seedlings in a
Hydroponic System. Platform: A Journal of Science and Technology, 2(1),
23-31.

Hashim, A. A., Kadir, A. A., Ibrahim, M. H., Halim, S., Sarani, N. A., Hassan, M.
I. H, ... Hissham, N. F. N. (2021, May). Overview on food waste
management and composting practice in Malaysia. In AIP Conference
Proceedings, (Vol. 2339, No. 1). AIP Publishing.
https://doi.org/10.1063/5.0044206/1028095

Hasler, K., Olfs, H. W., Omta, O., & Broring, S. (2017). Drivers for the adoption
of different eco-innovation types in the fertilizer sector: A Review.
Sustainability,, 9(12), 2216. https://doi.org/10.3390/SU9122216

Hastuti, B., Astuti, R. K., & Hadi, S. (2022). Effect of Fermentation Time and
Sugar Concentration on the Quality Characteristic of Organic Fertilizer from
Cattle and Rabbit Manure Using Vinnase Media. Moroccan Journal of
Chemistry, 10(3), 387-395. https://doi.org/10.48317/imist.prsm/morjchem-
v10i3.32666

Hawkesford, M., Horst, W., Kichey, T., Lambers, H., Schjoerring, J., Maller, I. S.,
& White, P. (2012). Functions of macronutrients. In Marschner’'s Mineral
Nutrition of Higher Plants (3rd ed., pp. 135-189). Academic press.
https://doi.org/10.1016/b978-0-12-384905-2.00006-6

85



Hazra, G. (2016). Different types of eco-friendly fertilizers: An overview.
Sustainability in Environment, 1(1), 54. https://doi.org/10.22158/se.vin1p54

Hazri, H. (2022, April 2). Food security a matter of national security. NST Online.

Hidayati, Y. A., Kurnani, T. B. A, Marlina, E. T., & Harlia, E. (2011). Kualitas
Pupuk Cair Hasil Pengolahan Feses Sapi Potong Menggunakan
Saccharomyces cereviceae (Liquid Fertilizer Quality Produced by Beef
Cattle Feces Fermentation Using Saccharomyces cereviceae), 11(2), 104—
107.

Hinsinger, P., Betencourt, E., Bernard, L., Brauman, A., Plassard, C., Shen, J.,
... Zhang, F. (2011). P for two, sharing a scarce resource: soil phosphorus
acquisition in the rhizosphere of intercropped species. Plant Physiology,
156(3), 1078-1086. https://doi.org/10.1104/pp.111.175331

Ibrahim, M. H., Jaafar, H. Z. E., Karimi, E., & Ghasemzadeh, A. (2013). Impact
of organic and inorganic fertilizers application on the phytochemical and
antioxidant activity of Kacip Fatimah (Labisia pumila Benth). Molecules ,
18(9), 10973-10988. https://doi.org/10.3390/molecules180910973

Ibrahim M, Tasi'u, Y.R., Umma, M., & Dangora, I.I (2014). The effects of
inorganic fertilizer on soil characteristics and production of egg Ppant
(Solanum melongena L.) in Warawa area of Kano State. Standard
Research Journal of Agricultural Sciences, 2(8), 129-135.

Irmawanty, |., Safitri, D., Rukman, W. Y., & Syam, H. (2021). Organic waste
processing and its application to potato plants through hydroponic
techniques. JPBIO (Jurnal Pendidikan Biologi), 6(1), 84-95.

Isabelle, M., Lee, B. L., Lim, M. T., Koh, W. P., Huang, D., & Ong, C. N. (2010).
Antioxidant activity and profiles of common vegetables in Singapore. Food
Chemistry, 120(4), 993-1003.
https://doi.org/10.1016/j.foodchem.2009.11.038

Isleib, J. (2016). Pros and cons of granular and liquid fertilizers. Michigan:
Michigan State University Extension.

Heikal Ismail, M. H., Ghazi, T. I. M., Hamzah, M. H., Manaf, L. A., Tahir, R. M.,
Mohd Nasir, A., & Ehsan Omar, A. (2020). Impact of movement control
order (Mco) due to coronavirus disease (covid-19) on food waste
generation: A case study in klang valley, malaysia. Sustainability
(Switzerland), 12(21), 8848. https://doi.org/10.3390/su12218848

Ismail, S. N. S., & Latifah, A. M. (2013). The challenge of future landfill: A case

study of Malaysia. Journal Toxicology and Environmental Health Sciences
(JTEHS), 5(3), 2400-2407.

86



Janes-Bassett, V., Blackwell, M. S., Blair, G., Davies, J., Haygarth, P. M., Mezeli,
M. M., & Stewart, G. (2022). A meta-analysis of phosphatase activity in
agricultural settings in response to phosphorus deficiency. Soil Biology and
Biochemistry, 165. https://doi.org/10.1016/j.s0ilbio.2021.108537

Jarjusey, F., & Chamhuri, N. (2017). Consumers’ Awareness and Knowledge
about Food Waste in Selangor, Malaysia. International Journal of Business
and Economic Affairs, 2(2), 91-97. https://doi.org/10.24088/ijbea-2017-
22002

Jinap, S., llya-Nur, A. R., Tang, S. C., Hajeb, P., Shahrim, K., & Khairunnisak,
M. (2010). Sensory attributes of dishes containing shrimp paste with
different concentrations of glutamate and 5'-nucleotides. Appetite, 55(2),
238-244.

Jinwei, Z. H. A. O., & Lianren, Z. H. O. U. (2011). Combined application of
organic and inorganic fertilizers on black soil fertility and maize yield.
Journal of Northeast Agricultural University (English Edition), 18(2), 24-29.

José Nogueira da Silva, A., Alencar da Silva, R., da Silva Santos, J., Carlos Silva
de Medeiros, J., Gomes de Carvalho, F., Nogueira da Silva, V., ... Gomes
Junior, J. (2015). Soil chemical properties and growth of sunflower
(Helianthus annuus L.) as affected by the application of organic fertilizers
and inoculation with arbuscular mycorrhizal fungi, Revista Brasileira de
Ciencia do Solo, 39, 151-161.
https://doi.org/10.1590/01000683rbcs20150194

Kala, D. R., Rosenani, A. B., Fauziah, C. |, Ahmad, S. H., Radziah, O., &
Rosazlin, A. (2011). Commercial organic fertilizers and their labeling in
Malaysia. Malaysian Journal of Soil Science, 15(1), 147—-157.

Kalisz, A. (2011). Growth and earliness of Chinese cabbage (var.) as a function
of time and weather conditions. Folia Horticulturae, 23(2), 131-138.

Kamarudin, K. N., Teh, C. B. S., & Jaafar, Z. H. (2012). Growth and yield of choy
sum (Brassica chinensis var. parachinensis) in response to water stress and
nitrogen fertilisation levels. In Proceedings of International Congress:
Transforming Agriculture for Future Harvest.

Kandasamy, K. I. (2006). Exploratory Studies on Soil Microbes of Tropical Rain
Forest. Report of Forest Research Institute Malaysia. Selangor, Malaysia.

Karna, N. P. I. S., Suriani, N. L., Muksin, I. K., Wiadnyani, A. A. . S., & Ho, T. S.
(2023). Utilization of Liquid Organic Fertilizer to Increase Growth and
Production of Mustard Plants (Brassica juncea L.). Eastern Journal of
Agricultural and Biological Sciences, 3(2), 52-62.

Kavitha, S, S., & Ranjini. (2013). Individual and combined effect of biofertilizer,

chemical fertilizer and vermicompost on Amaranthus tristis. International
Journal of Pharmaceutical Sciences Review and Research, 20(2), 190-195.

87



Khan, H. Z., Amin, M., Akbar, N., Saleem, M. F ., & Igbal, A. (2014). Impact of
zinc and manganese application to increase productivity of autumn planted
maize (Zea Mays L.). Cercetari Agronomice in Moldova, 47(4), 65-70.
https://doi.org/10.1515/cerce-2015-0005

Kim, Y.-B., Choi, Y.S., Ku, S.K,, Jang, D.J., binti Ibrahim, H. H., & Moon, K. B.
(2014). Comparison of quality characteristics between belacan from Brunei
Darussalam and Korean shrimp paste. Journal of Ethnic Foods, 1(1), 19—
23. https://doi.org/10.1016/j.jef.2014.11.006

King, A. E., Ali, G. A, Gillespie, A. W., & Wagner-Riddle, C. (2020). Soil organic
matter as catalyst of crop resource capture. Frontiers in Environmental
Science, 8, 50. https://doi.org/10.3389/fenvs.2020.00050/bibtex

King, A. E., Congreves, K. A., Deen, B., Dunfield, K. E., Voroney, R. P., &
Wagner-Riddle, C. (2019). Quantifying the relationships between soil
fraction mass, fraction carbon, and total soil carbon to assess mechanisms
of physical protection. Soil Biology and Biochemistry, 135, 95-107.
https://doi.org/10.1016/j.s0ilbio.2019.04.019

Kogbe, J. O. S., & Adediran, J. A. (2003). Influence of nitrogen, phosphorus and
potassium application on the yield of maize in the savanna zone of Nigeria.
African Journal of Biotechnology, 2(10), 345-349.
https://doi.org/10.4314/ajb.v2i10.14850

Kumar, M., Kumar, V., Kumar, R., & Pratap, R. (2017). Correlation between soil
nutrient and plant nutrient concentration in mustard. Journal of
Pharmacognosy and Phytochemistry, 6(4), 751-754.

Kumar, R., Kumar, R., & Prakash, O. (2019). Chapter 5-The Impact of Chemical
Fertilizers on our Environment and Ecosystem. Chief Ed, 35, 69.

Kumar, M. S., Burgess, S. N., & Luu, L. T. (2005). Review of nutrient
management in freshwater polyculture. Journal of Applied Aquaculture,
16(34), 17-44. hitps://doi.org/10.1300/j028v16n03_02

Kumar, V., Sharma, A., Thukral, A. K., & Bhardwaj, R. (2016). Assessment of
soil enzyme activities based on soil samples from the Beas river bed, India
using multivariate techniques. Malaysian Journal of Soil Science, 20, 135-
145,

Kweon, G., Lund, E., & Maxton, C. (2013). Soil organic matter and cation-
exchange capacity sensing with on-the-go electrical conductivity and optical
sensors. Geoderma, 199, 80-89.
https://doi.org/10.1016/j.geoderma.2012.11.001

Kwiatkowski, C. A., Harasim, E., Feledyn-Szewczyk, B., & Antonkiewicz, J.
(2020). Enzymatic activity of loess soil in organic and conventional farming
systems. Agriculture, 10(4), 135.
https://doi.org/10.3390/agriculture10040135

88



Lal, R., M. Kimble, J., Follett, R.F., & Stewart, B.A (Eds) (1997). Soil processes
and the carbon cycle (Vol. 11). CRC Press.

Laufenberg, G., & Schulze, N. (2009). A modular strategy for processing of fruit
and vegetable wastes into value-added products. In Handbook of Waste
Management and Co-Product Recovery in Food Processing (Vol. 2, pp.
286-353). Woodhead Publishing.
https://doi.org/10.1533/9781845697051.3.286

Leghari, S. J., Wahocho, N. A., Laghari, G. M., HafeezLaghari, A,
MustafaBhabhan, G., HussainTalpur, K., & Lashari, A. A. (2016). Role of
nitrogen for plant growth and development: A Review. Advances in
Environmental Biology, 10(9), 209-218.

Lesik, M. M. N. N., Dadi, O., Andira, G., & Laban, S. (2019). Nutrient analysis of
liquid organic fertilizer from agricultural waste and rumen liquid. In IOP
Conference Series: Earth and Environmental Science, (Vol 343, No.1, p.
012178). IOP Publishing. https://doi.org/10.1088/1755-1315/343/1/012178

Li, X., Dong, C., Liu, Y., Liu, Y., Shen, Q., & Xu, Y. (2012). Interactive effects
from combining inorganic and organic fertilisers on phosphorus availability.
Soil Research, 50(7), 607—615. https://doi.org/10.1071/sr12232

Lim, L. Y., Lee, C. T., Bong, C. P. C,, Lim, J. S., & Klemes, J. J. (2019).
Environmental and economic feasibility of an integrated community
composting plant and organic farm in Malaysia. Journal of Environmental
Management, 244, 431-4309.
https://doi.org/10.1016/j.jenvman.2019.05.050

Lim, W. J,, Chin, N. L., Yusof, A. Y., Yahya, A., & Tee, T. P. (2016). Food waste
handling in Malaysia and comparison with other Asian countries.
International Food Research Journal, 23, 1-6.

Lin, J., Zuo, J., Gan, L., Li, P., Liu, F., Wang, K., ... Gan, H. (2011). Effects of
mixture ratio on anaerobic co-digestion with fruit and vegetable waste and
food waste of China. Journal of Environmental Sciences, 23(8), 1403—1408.
https://doi.org/10.1016/s1001-0742(10)60572-4

Liu, Y., Zhang, B., Li, C., Hu, F., & Velde, B. (2008). Long-Term Fertilization
Influences on Clay Mineral Composition and Ammonium Adsorption in a
Rice Paddy Soil. Soil Science Society of America Journal, 72(6), 1580—
1590. https://doi.org/10.2136/sssaj2007.0040

Lizar, N. H. (2019). The effect of organic, chemical and hybrid fertilizers on plant
development and antioxidant level in hydroponic pak choy (Brassica rapa
L. var. chinensis) (Unpublished master dissertation). Universiti Putra
Malaysia.

89



Lu, H. J., Ye, Z. Q. Zhang, X. L., Lin, X. Y., & Ni, W. Z. (2011). Growth and yield
responses of crops and macronutrient balance influenced by commercial
organic manure used as a partial substitute for chemical fertilizers in an
intensive vegetable cropping system. Physics and Chemistry of the Earth,
Parts A/B/C, 36(9-11), 387-394. https://doi.org/10.1016/j.pce.2010.03.030

Maeko. (2023, September 8). The Food Waste Specialist. Retrieved, from
https://www.maeko.com.my/index.php

Maicas, S. (2020). The role of yeasts in fermentation processes.
Microorganisms, 8(8), 1142.

Maoka, T. (2020). Carotenoids as natural functional pigments. Journal of Natural
Medicines, 74(1), 1-16. https://doi.org/10.1007/s11418-019-01364-
x/figures/15

Malaysian Agricultural Research and Development Institute 2000. Panduan
pengeluaran sayur-sayuran. Institut Penyelidikan dan Kemajuan Pertanian
Malaysian (MARDI). Kementerian Pertanian Malaysia. Pp. 208.

Marpaung, A. E. (2018). Pemanfaatan jenis dan dosis pupuk organik cair (poc)
untuk meningkatkan pertumbuhan dan hasil sayuran kubis. Jurnal
Agroteknosains, 1(2).

Marschner, H. (Ed.). (2011). Marschner’s mineral nutrition of higher plants: Third
edition, 1-651, Academic press. https://doi.org/10.1016/c2009-0-63043-9

Martinez-Alcantara, B., Martinez-Cuenca, M. R., Bermejo, A., Legaz, F., &
Quifones, A. (2016). Liquid organic fertilizers for sustainable agriculture:
Nutrient uptake of organic versus mineral fertilizers in citrus trees. PLoS
one, 11(10). https://doi.org/10.1371/jounal.pone.0161619

Mastor, A. F. (2022, February 17). Cara-cara buat bio booster organik di rumah.
Blog Cilibangi. Retrieved from https://www.cilibangi.com/blog/cara-buat-
bio-booster/

Mathesius, U. (2018). Flavonoid functions in plants and their interactions with
other organisms. Plants, 7(2). https://doi.org/10.3390/plants7020030

Mehlich, A. (1984). Mehlich 3 soil test extractant: A modification of Mehlich 2
extractant. . Communications in Soil Science and Plant Analysis, 15(12).
https://doi.org/10.1080/00103628409367568

Mengel, D. B(1993). Fundamentals of soil cation exchange capacity (CEC).

Purdue University Cooperative Extension Service West Lafayette, Indiana,
USA.

90



Merfield, C. N. (2012). Treating Food Preparation “waste” by Bokashi
fermentation vs. composting for crop land application: A feasibilty and
scoping review. Report commissioned by Gisborne District Council.
Canterbury: Lincoln University: The BHU Future Farming Centre.

Mikutta, R., Kleber, M., Kaiser, K., & Jahn, R. (2005). Organic matter removal
from soils using hydrogen peroxide, sodium hypochlorite, and disodium
peroxodisulfate. Soil Science Society of America Journal, 69(1), 120—135.
https://doi.org/10.2136/sssaj2005.0120

Miles, C., Roozen, J., Maynard, E., & Coolong, T. (2019, October 10). Fertigation
in Organic Vegetable Production Systems . Retrieved from
https://eorganic.org/node/4937

Minca, K. K., Basta, N. T., & Scheckel, K. G. (2013). Using the Mehlich-3 soil
test as an inexpensive screening tool to estimate total and bioaccessible
lead in urban soils. Journal of Environmental Quality, 42(5), 1518-1526.
https://doi.org/10.2134/jeq2012.0450

Missdiani, M., Lusmaniar, L., & Hariyani, P. (2020). Pengaruh Komposisi Media
Tanam dan Konsentrasi Pupuk Hayati Agrobost terhadap Pertumbuhan
Dan Produksitanaman Sawi Hijau (Brassica juncea L.) dalam Polybag.
Agronitas, 2(2), 17-30.

Mohamed, H. (1999). Effect of sewage sludge application on nodulation,
nitrogen fixation, and plant growth of faba bean, soybean, and lupin. J. Appl.
Bot., 73, 69-75.

Mohd Zaini, N. S., Idris, H., Yaacob, J. S., Wan-Mohtar, W. A. A. Q. I., Putra
Samsudin, N. I., Abdul Sukor, A. S., & Abd Rahim, M. H. (2022). The
Potential of Fermented Food from Southeast Asia as Biofertiliser.
Horticulturae, 8(2), 102.

Moridi, A., Zarei, M., Moosavi, A. A., & Ronaghi, A. (2021). Effect of liquid organic
fertilizers and soil moisture status on some biological and physical
properties of soil. Polish Journal of Soil Science, 54(1), 41-58.
https://doi.org/10.17951/pjss.2021.54.1.41-58

Moyo, S. M., Serem, J. C., Bester, M. J., Mavumengwana, V., & Kayitesi, E.
(2020). Influence of boiling and subsequent phases of digestion on the
phenolic content, bioaccessibility, and bioactivity of Bidens pilosa
(Blackjack) leafy vegetable. Food Chemistry, 311. 126023.
https://doi.org/10.1016/j.foodchem.2019.126023

Muktamar, Z., Sudjatmiko, S., Fahrurrozi, F., Setyowati, N., & Chozin, M. (2017).
Soil chemical improvement under application of liquid organic fertilizer in
closed agriculture system. International Journal of Agricultural Technology,
13(7.2), 1715-1727.

91



Munthe, K., E. Pane, E.L. Panggabean. 2018. Budidaya Tanaman Sawi
(Brassica juncea L.) pada Media Tanam yang Berbeda Secara Vertikultur.
Agrotekma: Jurnal Agroteknologi dan llmu Pertanian, 2(2): 138-151.

Murphy, H. F. (1968). A report on the fertility status and other data on some soils
of Ethiopia (1968). Experiment Station Bulletin.

Murphy, J. A. M. E. S., & Riley, J. P. (1962). A modified single solution method
for the determination of phosphate in natural waters. Analytica Chimica
Acta, 27, 31-36. https://doi.org/10.1016/s0003-2670(00)88444-5

Murtafagoh, V. N., & Winarsih, W. (2022). The Influence of Giving Vegetable
Waste Leachate as Liquid Organic Fertilizer on the Growth of Mustard
Plants (Brassica juncea L.). LenteraBio: Berkala limiah Biologi, 11(3), 449-
456.

Naeem, A., Abbas, T., Hasnain, A., & Ali, T. M. (2013). 19 Comparative study of
commercially available Baker's yeasts to evaluate their gas production
ability. Journal of Asian Medical Student Association, 2(S3), 8-10.

Nhu, N. T. H., Chuen, N. L., & Riddech, N. (2018). The effects bio-fertilizer and
liquid organic fertilizer on the growth of vegetables in the pot experiment.
Chiang Mai Journal of Science, 45(3), 1257-1273.

Nicholls, P., Fita, I., & Loewen, P. C. (2000). Enzymology and structure of
catalases. Advances in Inorganic Chemistry, 51, 51-106.
https://doi.org/10.1016/S0898-8838(00)51001-0

Noor, Z. Z., Yusuf, R. O., Abba, A. H., Hassan, M. A. A., & Din, M. F. M. (2013).
An overview for energy recovery from municipal solid wastes (MSW) in
Malaysia scenario. Renewable and sustainable energy reviews, 20, 378-
384.

Norliza, S., Din, M., Sakimin, S. Z., Sijam, K., Ramlan, F., Baghdadi, A,
...&bTan, J. (2018). Effect Of Biorichar Amendment On Growth, Nutritional
Properties And Biochemical Changes Of Banana (Musa Acuminata) Cv.
Berangan Established In An Ultisol Soil At Vegetative Stage. J. Trop. Plant
Physiol, 10(1), 23-35.

Nur, T., Noor, R. A., & Elma, M. (2016). Manufacture of liquid organic
fertilizerfrom household organic waste with EM4 bioactivator. (effective
microorganisms). Konversi, 5(2), 5-12.

O’Connor, A. (2007, June 12). The Claim: Brown Sugar Is Healthier Than White

Sugar . Retrieved October 30, 2022, from
https://www.nytimes.com/2007/06/12/health/nutrition/12real.html

92



Ogidi, E. G. O., Okore, I. K., & Dike, J. C. (2018). Correlation analysis of nutrient
soil-plant content and bud take success in Hevea Brasiliensis Muell. Arg. in
acidic soil of south Eastern Nigeria. J of Exp Biol Agric Sci, 6(1), 116—123.
https://doi.org/10.18006/2018.6(1).116.123

Ohhira, 1. (1999). Properties of lactic acid bacteria from fermented foods.
BuyPorbiotics. com.

Okamoto, T., Wei, X., Mehraj, H., Hossain, M. R., Akter, A., Miyaji, N., ...
Watanabe, M. (2021). Chinese Cabbage (Brassica rapa L. var. pekinensis)
Breeding: Application of Molecular Technology. Advances in Plant Breeding
Strategies: Vegetable Crops, Volume 10: Leaves, Flowerheads, Green
Pods, Mushrooms and Truffles, 59-94. https://doi.org/10.1007/978-3-030-
66969-0_2

Okareh, O. T., Oyewole, S. A., & Taiwo, L. B. (2014). Conversion of food wastes
to organic fertilizer: A strategy for promoting food security and institutional
waste management in Nigeria. Journal of Research in Environmental
Science and Toxicology, 3(4), 68—73.

Oldfield, E. E., Wood, S. A., & Bradford, M. A. (2020). Direct evidence using a
controlled greenhouse study for threshold effects of soil organic matter on
crop growth. Ecological Applications, 30(4), e02073.
https://doi.org/10.1002/eap.2073

Paleckiene, R., Sviklas, A., & Slinksiene, R. (2007). Physicochemical properties
of a microelement fertilizer with amino acids. Russian Journal of Applied
Chemistry, 80(3), 352-357.
https://doi.org/10.1134/s1070427207030020/metrics

Pandey, N. (2018). "Role of plant nutrients in plant growth and physiology." Plant
nutrients and abiotic stress tolerance, 51-93. https://doi.org/10.1007/978-
981-10-9044-8_2/cover

Panouillé, M., Ralet, M. C., Bonnin, E., & Thibault, J. F. (2007). Recovery and
reuse of trimmings and pulps from fruit and vegetable processing. In
Handbook of Waste Management and Co-Product Recovery in Food
Processing (Vol. 1, pp. 417-447). Woodhead Publishing.
https://doi.org/10.1533/9781845692520.4.417

Pant, A. P., Radovich, T. J., Hue, N. V., & Paull, R. E. (2012). Biochemical
properties of compost tea associated with compost quality and effects on
pak  choi growth. Scientia Horticulturae, 148, 138-146.
https://doi.org/10.1016/j.scienta.2012.09.019

Pascual, J. A., Hernandez, T., Garcia, C., & Ayuso, M. (1998). Enzymatic
activities in an arid soil amended with urban organic wastes: Laboratory
experiment. Bioresource Technology, 64(2), 131-138.
https://doi.org/10.1016/S0960-8524(97)00171-5

93



Paul, B. N., Chanda, S., Das, S., Singh, P., Pandey, B. K., & Giri, S. S. (2014).
Mineral assay in atomic absorption spectroscopy. The beats nat sci, 4(1),
1-17.

Payraudeau, S., & van der Werf, H. M. (2005). Environmental impact
assessment for a farming region: a review of methods. Agriculture,
Ecosystems & Environment, 107(1), 1-19.
https://doi.org/10.1016/j.agee.2004.12.012

Phactual. (2019, April 8). The Best Magnesium Rich Foods. Retrieved from
https://www.phactual.com/fnen/magnesium-rich-foods/

Phibunwatthanawong, T., & Riddech, N. (2019). Liquid organic fertilizer
production for growing vegetables under hydroponic condition. International
Journal of Recycling of Organic Waste in Agriculture, 8(4), 369—-380.

Polat, E., Demir, H., & Erler, F. (2010). Yield and quality criteria in organically
and conventionally grown tomatoes in Turkey. Scientia Agricola, 67(4),
424-429. https://doi.org/10.1590/s0103-90162010000400008

Prajapati, K., & Modi, H. . (2012). The importance of potassium in plant growth
— areview. Indian Journal of Plant Sciences, 1(02-03), 177—186.

Pranesa, T. O., & Emil, S. (2018, December). Utilization of fermented ngapi nut
peel (Pithecellobium jiringa Prain) as natural fertilizer and pesticide on
tomatoes (Solanum lycopersicum Mill) plant. In Journal of Physics:
Conference Series (Vol. 1116, No. 4, p. 042029). |IOP Publihing.
https://doi.org/10.1088/1742-6596/1116/4/042029

Pratama, I. B., Hapsari, U., Prasetyatama, Y. D., & Soetiarso, L. (2022, March).
The effect of fertilizer variations from organic waste on the growth of
mustard plants (Brassica juncea L.) in integration farming system. In 2nd
International Conference on Smart and Innovative Agriculture (ICoSIA
2021) (pp. 197-200). Atlantis Press.

Purbajanti, E. D., & Setyawati, S. (2020). Organic fertilizer improve the growth,
physiological characters and yield of pak choy. Agrosains: Jurnal Penelitian
Agronomi, 22(2), 83-87.

Rahman, Z. A., Soltangheisi, A., Khan, A. M., Batool, S., & Ashraf, M. A. (2017).
Soil Fertility and Management of Malaysian Soils. In Soils of Malaysia (1st
ed., pp. 167—-196). CRC Press. https://doi.org/10.1201/b21934-7

Rajalakshmi, K., & Banu, N. (2015). Extraction and estimation of chlorophyll from
medicinal plants. International Journal of Science and Research, 4(11),
209-212

Razak, M. Y. (2021, August 26). Supply and Utilization Accounts Selected

Agricultural Commodities, Malaysia 2016-2020. Retrieved from
https://www.dosm.gov.my/

94



Ren, X., Sun, D., & Wang, Q. (2016). Modeling the effects of plant density on
maize productivity and water balance in the Loess Plateau of China.
Agricultural Water Management, 171, 40-48.
https://doi.org/10.1016/j.agwat.2016.03.014

Rezai, G., Shamsudin, M. N., & Mohamed, Z. (2016). Urban agriculture: a way
forward to food and nutrition security in Malaysia. Procedia - Social and
Behavioral Sciences, 216, 39-45.
https://doi.org/10.1016/j.sbspro.2015.12.006

Rhee, K. C. (2001). Determination of total nitrogen. Current protocols in food
analytical chemistry, (1), B1-2

Rhoades, J. D. (2018). Salinity: Electrical conductivity and total dissolved solids.
Methods of soil analysis: Part 3 Chemical methods, 5, 417-435.
https://doi.org/10.2136/sssabookser5.3.c14

Rhoades, J. D., Raats, P. A. C., & Prather, R. J. (1976). Effects of liquid-phase
electrical conductivity, water content, and surface conductivity on bulk soil
electrical conductivity. Soil Science Society of America Journal, 40(5), 651—
655. https://doi.org/10.2136/sssaj1976.03615995004000050017x

Riyandani, R., Rasyid, B., & Baja, S. (2021, July). Utilization of liquid organic
fertilizers from banana stems and coconut husk to increase potassium (K)
in alfisols and com. In IOP Conference Series: Earth and Environmental
Science (Vol. 807, No.2, p. 022025). https://doi.org/10.1088/1755-
1315/807/2/022025

Rodriguez, R., Jiménez, A., Fernandez-Bolafios, J., Guillén, R., & Heredia, A.
(2006). Dietary fibre from vegetable products as source of functional
ingredients. https://doi.org/10.1016/j.tifs.2005.10.002

Roscoe, R., Vasconcellos, C. A., Furtini-Neto, A. E., Guedes, G. A. A., &
Fernandes, L. A. (2000). Urease activity and its relation to soil organic
matter, microbial biomass nitrogen and urea-nitrogen assimilation by maize
in a Brazilian Oxisol under no-tillage and tillage systems. Biology and
Fertility of Soils, 32(1), 52-59. https://doi.org/10.1007/s003740000213

Rosmarkam, A., & Yuwono, N. W. (2002). Soil fertility science. Kanisius.
Yogyakarta, Indonesia, 86-88.

Ross, D. S., & Ketterings, Q. (2018). Recommended methods for determining
soil cation exchange capacity. Recommended Soil Testing Procedures for
the Northeastern United States, (pp. 75—-86). Cooperative Bulletin.

Ruddle, K., & Ishige, N. (2010). On the origins, diffusion and cultural context of

fermented fish products in Southeast Asia. Globalization, Food and Social
Identities in the Asia Pacific Region. 1-17.

95



Rudra, S. G., Nishad, J., Jakhar, N., & Kaur, C. (2015). Food industry waste:
mine of nutraceuticals. Int. J. Sci. Environ. Technol, 4(1), 205-229.

Sadriddinovich, B. N. (2022). Benefits of liquid fertilizers in agriculture. Scientific
Impulse, 1(5), 1843-1850.

Sagar, N. A,, Pareek, S., Sharma, S., Yahia, E. M., & Lobo, M. G. (2018). Fruit
and vegetable waste: Bioactive compounds, their extraction, and possible
utilization. Comprehensive Reviews in Food Science and Food Safety,
17(3), 512-531. https://doi.org/10.1111/1541-4337.12330

Sampson, P. H., Zarco-Tejada, P. J., Mohammed, G. H., Miller, J. R., & Noland,
T. L (2003). Hyperspectral remote sensing of forest condition: Estimating
chlorophyll content in tolerant hardwoods. Forest Science, 49(3), 381-391.

Sanchez-Rangel, J. C., Benavides, J., Heredia, J. B., Cisneros-Zevallos, L., &
Jacobo-Velazquez, D. A. (2013). The Folin—Ciocalteu assay revisited:
improvement of its specificity for total phenolic content determination.
Analytical methods, 5(21), 5990-5999.

Santi, S. S. (2012). Kajian pemanfaatan limbah untuk pupuk cair organik dengan
proses fermentasi. Teknik Kimia, 4(2), 335-340.

Savci, S. (2012). Investigation of effect of chemical fertilizers on environment.
Apcbee Procedia, 1, 287-292.
https://doi.org/10.1016/j.apcbee.2012.03.047

Schippers, R. R. (2000). African indigenous vegetables: an overview of the
cultivated species.

Scott, D. A., & Bliss, C. M. (2012). Phosphorus fertilizer rate, soil P availability,
and long-term growth response in a loblolly pine plantation on a weathered
ultisol. Forests, 3(4), 1071-1085. https://doi.org/10.3390/f304107 1

Sen, S., De, B., Devanna, N., & Chakraborty, R. (2013). Total phenolic, total
flavonoid content, and antioxidant capacity of the leaves of Meyna spinosa
Roxb., an Indian medicinal plant. Chinese journal of natural medicines,
11(2), 149-157.

Seswoya, R., Fen, A. S., Yang, L. K., & Sulaiman, S. M. (2019). Performance of
anaerobic digestion of fruit and vegetable waste (FVW). Nucleation and
Atmospheric Aerosols, 2157(1). https://doi.org/10.1063/1.5126561/788918

Silber, A., Levkovitch, I., & Graber, E. R. (2010). pH-dependent mineral release
and surface properties of comstraw biochar: agronomic implications.
Environmental science and technology, 44(24), 9318-9323.
https://doi.org/10.1021/es101283d/suppl_file/es101283d_si_002.pdf

96



Silva, G. (2018, May 8). What organic fertilizers mean to plants and soil ?

Retrieved from
https://www.canr.msu.edu/news/what_organic_fertilizers_mean_to_plants
_and_soil

Sin, T. J., Chen, G. K., & Hwang, G. H. (2016). Challenges in selecting a
sustainable landfill site in Malaysia. In MATEC Web of Conferences (Vol
47), EDP Sciences. https://doi.org/10.1051/matecconf/20164705021

Singh, A., Kuila, A., Adak, S., Bishai, M., & Banerjee, R. (2012). Utilization of
vegetable wastes for bioenergy generation. Agricultural Research, 1(3),
213-222. https://doi.org/10.1007/s40003-012-0030-x

Siregar, P., & Fauzi, S. (2017). Pengaruh pemberian beberapa sumber bahan
organik dan masa inkubasi terhadap beberapa aspek kimia kesuburan
tanah ultisol: Effect of Giving Some Organic Matter and Incubation Period
to some Chemical Fertility Aspects of Utisol. Jurnal Online Agroteknologi,
5(2), 256—264.

Slaton, N. A., Gbur, E. E., Wilson, C. E., & Norman, R. J. (2005). Rice response
to granular zinc sources varying in water-soluble zinc. Soil Science Society
of America Journal, 69(2), 443-452.
https://doi.org/10.2136/ss5aj2005.0443

Sonneveld, C., & Van Dijk, P. A. (1982). The effectiveness of some washing
procedures on the removal of contaminants from plant tissue samples of
glasshouse crops. Communications in Soil Science and Plant Analysis,
13(7), 487-496.

Soti, P.G., Jayachandran, K., Koptur, S., & Volin, J. C. (2015). Effect of soil pH
on growth, nutrient uptake, and mycorrhizal colonization in exotic invasive
Lygodium microphyllum. Plant Ecology, 216, 989-998.
https://doi.org/10.1007/s11258-015-0484-6

Srivastava, P. K., Gupta, M., Upadhyay, R. K., Sharma, S., Shikha, Singh, N., ...
Singh, B. (2012). Effects of combined application of vermicompost and
mineral fertilizer on the growth of Allium cepa L. and soil fertility. Journal of
Plant Nutrition and Soil Science, 175(1), 101-107.
https://doi.org/10.1002/jpIn.201000390

Stepniewska, Z., Wolinska, A., & Ziomek, J. (2009). Response of soil catalase
activity to chromium contamination. Journal of Environmental Sciences,
21(8), 1142—-1147. https://doi.org/10.1016/s1001-0742(08)62394-3

Stewart, W. M., Dibb, D. W., Johnston, A. E., & Smyth, T. J. (2005). The

contribution of commercial fertilizer nutrients to food production. Agronomy
Journal, 97(1), 1-6. https://doi.org/10.2134/agronj2005.0001

97



Storer, D. A. (1984). A simple high sample volume ashing procedure for
determination of soil organic matter. . Communications in Soil Science and
Plant Analysis, 15(7), 759-772.
https://doi.org/10.1080/00103628409367515

Sumiati E. 2006. Plant growth and yield white cabbage with NPK 15-15-15
fertilizer application and complementary fertilizer for nutrifarmsd seeds in
Lembang Highlands. J. Hort, 16(1),31-39.

Taisa, R., Jumawati, R., & Kartina, R. (2022, April). Impact of Liquid Organic
Fertilizer Application on Growth Three Cauliflower Cultivars. 0P
Conference Series: Earth and Environmental Science. (Vol. 102, No, p.
012052). IOP Publiing.

Tan, L. M. (2015). Production of fertilizer using food wastes of vegetables and
fruits [Unpublished Doctoral dissertation]. University Malaysia Sarawak.

Tao, R, Liang, Y., Wakelin, S. A., & Chu, G. (2015). Supplementing chemical
fertilizer with an organic component increases soil biological function and
quality. Applied Saoll Ecology, 96, 42-51.
https://doi.org/10.1016/j.apsoil.2015.07.009

Tarmudi, Z., Abdullah, L., Osman, A., & Tap, M. D. (2009). An overview of
municipal solid wastes generation in Malaysia. Jurnal Teknologi, 51(1), 1—-
15.

Thi, N. B. D., Kumar, G., & Lin, C. Y. (2015). An overview of food waste
management in developing countries: Current status and future
perspective. Journal of Environmental Management, 157, 220-229.
https://doi.org/10.1016/j.jenvman.2015.04.022

Tilley, N. (2022, November 1). Copper and Soil- How Copper Affects Plants.
Retrieved from https://www.gardeningknowhow.com/garden-how-to/soil-
fertilizers/copper-for-the-garden.htm

Tonfack, L. B., Bemadac, A., Youmbi, E., Mbouapouognigni, V. P., Ngueguim,
M., & Akoa, A. (2009). Impact of organic and inorganic fertilizers on tomato
vigor, yield and fruit composition under tropical andosol soil conditions.
Fruits, 64(3), 167-177. https://doi.org/10.1051/fruits/2009012

Trasar-Cepeda, C., Gil-Sotres, F., & Leirés, M. C. (2007). Thermodynamic
parameters of enzymes in grassland soils from Galicia, NW Spain. Soil
Biology and Biochemistry, 39(1), 311-319.
https://doi.org/10.1016/j.s0ilbio.2006.08.002

Tuquero, J., Chargualaf, R. G., & Marutani, M. (2018). Growing Bok Choy

(Brassica rapa Chinensis Group) Varieties for Guam. Food Plant
Production.

98



Ullah, A., Mushtaq, A., Ahmed Qamar, R., & Uddin Ali, Z. (2019). Extraction Of
Soil Conditioners From Food Waste. Sci.Int.(Lahore), 31(2), 347-354.

USDA. (2014). Brassica chinensis L. Retrieved from
https://plants.usda.gov/home/plantprofile?symbol=brch4

USDA. (2018, April). Leavening agents, yeast, baker’s, active dry. Food Data
Central. Retrieved from https://fdc.nal.usda.gov/fdc-app.html#/food-
details/17504 3/nutrients

Vaverkova, M. D. (2019). Landfill impacts on the environment— review.
Geosciences , 9(10). https://doi.org/10.3390/geosciences9100431

Veazie, P., Cockson, P., Henry, J., Perkins-Veazie, P., & Whipker, B. (2020).
Characterization of nutrient disorders and impacts on chlorophyll and
anthocyanin concentration of Brassica rapa var.
Chinensis. Agriculture, 10(10), 461.

Vilarifo, M. V., Franco, C., & Quarrington, C. (2017). Food loss and waste
reduction as an integral part of a circular economy. Frontiers in
Environmental Science, 5. https://doi.org/10.3389/fenvs.2017.00021

Wahida, & Suryaningsih, N. L. S. (2016). Analisis Kandungan Unsur Hara Pupuk
Organik Cair Dari Limbah Rumah Tangga Di Kabupaten Merauke. Agricola,
6(1), 23-30.

Walker, G. M., & Stewart, G. G. (2016). Saccharomyces cerevisiae in the
production of fermented beverages. Beverages, 2(4), 30.
https://doi.org/10.3390/beverages2040030

Wang, M., Zheng, Q., Shen, Q., & Guo, S. (2013). The critical role of potassium
in plant stress response. International Journal of Molecular Sciences, 14(4),
7370. https://doi.org/10.3390/ijms14047370

Woon, K. S., Phuang, Z. X,, Lin, Z., & Lee, C. T. (2021). A novel food waste
management framework combining optical sorting system and anaerobic
digestion: A case study in Malaysia. Energy, 232, 121094.
https://doi.org/10.1016/j.energy.2021.121094

Xu, H. (2006). Nature farming in Japan. The Journal of Crop Production.

Xu, M. G, LI, D. C, LI, J. M, Qin, D. Z, Kazuyuki, Y., & Hosen, Y. (2008). Effects
of organic manure application with chemical fertilizers on nutrient absorption
and yield of rice in hunan of Southemn China. Agricultural Sciences in China,
7(10), 1245-1252. https://doi.org/10.1016/s1671-2927(08)60171-6

Xu, Z., Zhang, T.,Wang, S., & Wang, Z. (2020). Soil pH and C/N ratio determines
spatial variations in soil microbial communities and enzymatic activities of
the agricultural ecosystems in Northeast China: Jilin Province case. Applied
Soil Ecology, 155, 103629. https://doi.org/10.1016/j.apsoil.2020.103629

99



Yahia, E. M. (Ed.). (2017). Fruit and vegetable phytochemicals: Chemistry and
human health, 2 Volumes. John Wiley & Sons.

Yao, X. H., Min, H., Li, Z. H., & Yuan, H. P. (2006). Influence of acetamiprid
on soil enzymatic activities and respiration. European Journal of Soil
Biology, 42(2), 120—126. https://doi.org/10.1016/j.ejsobi.2005.12.001

Yin, X. G., Jabloun, M., Olesen, J. E., Oztiirk, I., Wang, M., & Chen, F. (2016).
Effects of climatic factors, drought risk and irrigation requirement on maize
yield in the Northeast Farming Region of China. The Journal of Agricultural
Science, 154(7), 1171-1189. https://doi.org/10.1017/s0021859616000150

Zafar, S. (2022, April 23). Sustainable Agriculture with Liquid Organic Fertilizers
Retrieved from  https://www.bioenergyconsult.com/liquid-organic-
fertilizers/

Zhang, L., Sun, X., Tian, Y., & Gong, X. (2013). Effects of brown sugar and
calcium superphosphate on the secondary fermentation of green waste.
Bioresource Technology, 131, 68-75.
https://doi.org/10.1016/j.biortech.2012.10.059

Zulkeple, N. M., Zakaria, Z., Hamdan, S., & Manaf, M. S. A. (2011). Fermentation

of prawn waste by using effective microorganism (EM) for protein
production. Journal of Fundamental Sciences, 7(2), 108-112.

100





